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Chapter 1

Project Overview

1.1 Introduction

This project involves the characterization and design of three standard cells in the
standard-cell library (all strength-1): BUF (buffer), DF-XTP (delay flop, single output
Q, posedge clk), and AND2B (2-input AND, first input inverted). For each cell we provide
circuit diagrams, MOS sizes, layout screenshots, PEX netlist screenshots, DRC/LVS re-
sults, simulation waveforms, and timing/power characterization tables as required by the
course specification.

1.2 Project Objectives

• Design NGSpice circuit for each cell with rise/fall similar to inverter 1x.

• Draw layout in Magic and ensure zero DRC errors and LVS pass.

• Extract LEF, PEX netlists, perform timing, power and input cap characterization.

• Provide a Verilog functional view and verify with Icarus Verilog.
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Chapter 2

Cell 1: BUF (Buffer)

2.1 Cell Summary

Cell name: BUF
Cell type: Combinational (Buffer)
VDD used for all simulations: 1.8 V

2.2 Circuit Diagram

Figure 2.1: Circuit diagram of BUF.
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2.3 MOSFET Width and Length

Table 2.1: MOSFET Width and Length for BUF (as used in the design)

Device Type Width (µm) Length (µm)
M1 NMOS 0.49 0.15
M2 PMOS 1.46 0.15

2.4 Layout

Figure 2.2: BUF layout. (Width x Height: µm x µm)
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2.5 PEX Netlist (screenshot / excerpt)

Figure 2.3: PEX netlist screenshot for BUF.

2.6 DRC and LVS

Figure 2.4: DRC clean screenshot for BUF.
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Figure 2.5: LVS clean screenshot for BUF.

2.7 Simulation Waveforms

Figure 2.6: Waveform used for measurement (inputs, outputs). Mark measurement cur-
sors on this plot.
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2.8 Timing and Power Characterization

The following tables are filled from the provided extraction/simulation data (source:
uploaded buf.docx). :contentReference[oaicite:0]index=0

2.8.1 Input Pin Capacitances

Table 2.2: Input pin capacitances for BUF (pF)

Input Pin Rise Cap (pF) Fall Cap (pF) Average Cap (pF)
A 0.00240 0.00181 0.00211

2.8.2 Transition Times

Output Rise Transitions (ns) — Related pin A (other pins held constant):

Table 2.3: Output Rise Transitions (20%–80%) — BUF (ns)

Input Slew 0.5 fF 10 fF 100 fF
10 ps 0.0149 0.0681 0.598
100 ps 0.0150 0.0681 0.598
1000 ps 0.0304 0.0745 0.599

Output Fall Transitions (ns) — Related pin A:

Table 2.4: Output Fall Transitions (20%–80%) — BUF (ns)

Input Slew 0.5 fF 10 fF 100 fF
10 ps 0.0148 0.0729 0.641
100 ps 0.0150 0.0729 0.641
1000 ps 0.0281 0.0796 0.643

2.8.3 Propagation Delay Times

(Definition used: 50% input to 50% output)
Cell Rise Delay (ns) — Related pin A:

Table 2.5: Cell Rise Delay (50%–50%) — BUF (ns)

Input Slew 0.5 fF 10 fF 100 fF
10 ps 0.0480 0.0891 0.451
100 ps 0.0666 0.108 0.470
1000 ps 0.148 0.200 0.563

Cell Fall Delay (ns) — Related pin A:
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Table 2.6: Cell Fall Delay (50%–50%) — BUF (ns)

Input Slew 0.5 fF 10 fF 100 fF
10 ps 0.0471 0.0970 0.531
100 ps 0.0687 0.119 0.554
1000 ps 0.161 0.221 0.660

2.8.4 Static Power

Table 2.7: Static Power for BUF (nW)

Input Condition (A) Power (nW)
0 0.112
1 0.112

2.8.5 Dynamic Power

Rise Power (nW) — Related pin A:

Table 2.8: Rise Power (nW) — BUF

Input Slew 0.5 fF 10 fF 100 fF
10 ps 211159 306101 327084
100 ps 207950 304687 327320
1000 ps 113913 289849 326025

Fall Power (nW) — Related pin A:

Table 2.9: Fall Power (nW) — BUF

Input Slew 0.5 fF 10 fF 100 fF
10 ps 166846 28706 2830
100 ps 168246 26932 2829
1000 ps 100931 39376 1437
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Chapter 3

Cell 2: DF-XTP (Delay Flip-Flop,
posedge CLK, single output Q)

3.1 Cell Summary

Cell name: DFXTP
Cell type: Sequential (Positive-edge triggered D flip-flop)
VDD used: 1.8 V

3.2 Circuit Diagram

Figure 3.1: Circuit diagram of DF-XTP.
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3.3 MOSFET Width and Length

Table 3.1: MOSFET Width and Length for DF-XTP

Device Type Width (µm) Length (µm)
xm01 PMOS 1.28 0.15
xm02 NMOS 0.42 0.15
xm01 PMOS 1.28 0.15
xm02 NMOS 0.42 0.15

3.4 Layout

Figure 3.2: DF-XTP layout (Width x Height: µm x µm).
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3.5 PEX Netlist

Figure 3.3: PEX netlist screenshot for DF-XTP - 1.

Figure 3.4: PEX netlist screenshot for DF-XTP - 2.
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3.6 DRC and LVS

Figure 3.5: DRC clean screenshot for DF-XTP.

Figure 3.6: LVS clean screenshot for DF-XTP.
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3.7 Simulation Waveforms

Figure 3.7: Setup time waveform (show D and CLK, and cursor markers).

Figure 3.8: Hold time waveform (show D and CLK, and cursor markers).

14



3.8 Timing and Power Characterization — DF-XTP

3.8.1 Input Pin Capacitances

Table 3.2: Input pin capacitances for D Flip-Flop (pF)

Input Pin Rise Cap (pF) Fall Cap (pF) Average Cap (pF)
D 0.00299149 0.002984402 0.002987946

CLK 0.0158483 0.01644586 0.01614708

3.8.2 Setup Time Constraints

Rise Constraint (ns) [Input slew vs CLK slew]

Table 3.3: Setup Time Rise Constraint (ns)

Input Slew 10 ps 1000 ps
10 ps 0.150 0
1000 ps 0.83 0.160

Fall Constraint (ns) [Input slew vs CLK slew]

Table 3.4: Setup Time Fall Constraint (ns)

Input Slew 10 ps 1000 ps
10 ps 0.150 0
1000 ps 0.83 0.160

3.8.3 Hold Time Constraints

Rise Constraint (ns) [Input slew vs CLK slew]

Table 3.5: Hold Time Rise Constraint (ns)

Input Slew 10 ps 1000 ps
10 ps 0.190 0
1000 ps 0.650 0.275

Fall Constraint (ns) [Input slew vs CLK slew]

Table 3.6: Hold Time Fall Constraint (ns)

Input Slew 10 ps 1000 ps
10 ps 0.190 0
1000 ps 0.650 0.275
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3.8.4 Transition Times

Output Rise Transitions (ns) — Related pin D

Table 3.7: Output Rise Transitions — Related pin D (ns)

Output Capacitance 10 ps 100 ps 1000 ps
0.5 fF 0.028898 0.028898 0.028112
10 fF 0.075968 0.075968 0.075886
100 fF 0.587585 0.587598 0.642442

Output Fall Transitions (ns) — Related pin D

Table 3.8: Output Fall Transitions — Related pin D (ns)

Output Capacitance 10 ps 100 ps 1000 ps
0.5 fF 0.024464 0.024464 0.024464
10 fF 0.08031 0.08031 0.08031
100 fF 0.642435 0.642442 0.587576

3.8.5 CLK-to-Q Delay Times

Cell Rise Delay (ns) — Related pin D

Table 3.9: Cell Rise Delay — Related pin D (ns)

Output Capacitance 10 ps 100 ps 1000 ps
0.5 fF 0.279141 0.297403 0.4804
10 fF 0.330395 0.34866 0.531583
100 fF 0.6873 0.705574 0.88516

Cell Fall Delay (ns) — Related pin D

Table 3.10: Cell Fall Delay — Related pin D (ns)

Output Capacitance 10 ps 100 ps 1000 ps
0.5 fF 0.190366 0.208233 0.353954
10 fF 0.249099 0.266976 0.413345
100 fF 0.68726 0.705148 0.851856

3.8.6 Static Power

Table 3.11: Static Power for D Flip-Flop (nW)

Condition (CLK,D) Power (nW)
00 68949.72
01 0.3945
10 114916
11 0.5087682
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3.8.7 Dynamic Power

Rise Power (nW) — Related pin D

Table 3.12: Rise Power — D Flip-Flop (nW)

Output Capacitance 10 ps 100 ps 1000 ps
0.5 fF 231729 231743 235276
10 fF 232030 235105 249413
100 fF 332147 295043 294238

Fall Power (nW) — Related pin D

Table 3.13: Fall Power — D Flip-Flop (nW)

Output Capacitance 10 ps 100 ps 1000 ps
0.5 fF 283121 284043 276583
10 fF 111864 112336 415084
100 fF 23761.9 21919.5 25543.9
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Chapter 4

Cell 3: AND2B (2-input AND, first
input inverted)

4.1 Cell Summary

Cell name: AND2B
Cell type: Combinational (2-input AND where input A is inverted before the AND)
VDD used: 1.8 V

4.2 Circuit Diagram

Figure 4.1: Circuit diagram of AND2B.
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4.3 MOSFET Width and Length

Table 4.1: MOSFET Width and Length for AND2B

Device Type Width (µm) Length (µm)
M1 (not1) PMOS 1.26 0.15
M2 (not1) NMOS 0.42 0.15
M1 (nand) PMOS 0.84 0.15
M2 (nand) PMOS 0.84 0.15
M3 (nand) NMOS 0.84 0.15
M4 (nand) NMOS 0.84 0.15
M1 (inv) PMOS 1.26 0.15
M2 (inv) NMOS 0.42 0.15

4.4 Layout

Figure 4.2: AND2B layout (Width x Height: µm x µm).
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4.5 PEX Netlist

Figure 4.3: PEX netlist screenshot for AND2B.

4.6 DRC and LVS

Figure 4.4: DRC clean screenshot for AND2B.
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Figure 4.5: LVS clean screenshot for AND2B.

4.7 Simulation Waveforms

Figure 4.6: Waveform used for transition/propagation measurements (show inputs A
(inverted), B and output).
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4.8 Timing and Power Characterization — AND2B

subsectionInput Pin Capacitances

Table 4.2: Input pin capacitances for AND2B (pF)

Input Pin Rise Cap (pF) Fall Cap (pF) Average Cap (pF)
A 0.00240 0.00181 0.00211
B 0.000000069 0.000000016 0.000000043

4.8.1 Transition Times

Output Rise Transitions (ns) — Related pin A

Table 4.3: Output Rise Transitions — Related pin A (ns)

Input Slew 0.5 fF 10 fF 100 fF
10 ps 0.018 0.065 0.07
100 ps 0.024 0.070 0.53
1000 ps 0.030 0.070 0.54

Output Rise Transitions (ns) — Related pin A

Table 4.4: Output Rise Transitions — Related pin A (ns)

Input Slew 0.5 fF 10 fF 100 fF
10 ps 0.0157 0.0157 0.0282
100 ps 0.0687 0.0687 0.0757
1000 ps 0.5978 0.5978 0.5984

Output Rise Transitions (ns) — Related pin B

Table 4.5: Output Rise Transitions — Related pin B (ns)

Input Slew 0.5 fF 10 fF 100 fF
10 ps 0.0157 0.0157 0.0282
100 ps 0.0687 0.0687 0.0757
1000 ps 0.5978 0.5978 0.5984

Output Fall Transitions (ns) — Related pin A

Table 4.6: Output Fall Transitions — Related pin A (ns)

Input Slew 0.5 fF 10 fF 100 fF
10 ps 0.0195 N/A N/A
100 ps 0.0760 0.0770 0.0842
1000 ps 0.6420 0.6420 0.6420

Output Fall Transitions (ns) — Related pin B
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Table 4.7: Output Fall Transitions — Related pin B (ns)

Input Slew 0.5 fF 10 fF 100 fF
10 ps 0.0195 N/A N/A
100 ps 0.0760 0.0770 0.0842
1000 ps 0.6420 0.6420 0.6420

4.8.2 Propagation Delay Times

Cell Rise Delay (ns) — Related pin A

Table 4.8: Cell Rise Delay — Related pin A (ns)

Input Slew 0.5 fF 10 fF 100 fF
10 ps 0.0546 0.0716 0.1368
100 ps 0.0973 0.1143 0.1908
1000 ps 0.4594 0.4765 0.5553

Cell Rise Delay (ns) — Related pin B

Table 4.9: Cell Rise Delay — Related pin B (ns)

Input Slew 0.5 fF 10 fF 100 fF
10 ps 0.0546 0.0716 0.1368
100 ps 0.0973 0.1143 0.1908
1000 ps 0.4594 0.4765 0.5553

Cell Fall Delay (ns) — Related pin A

Table 4.10: Cell Fall Delay — Related pin A (ns)

Input Slew 0.5 fF 10 fF 100 fF
10 ps 0.0864 N/A N/A
100 ps 0.1419 0.1608 0.3126
1000 ps 0.5779 0.5975 0.7523

Cell Fall Delay (ns) — Related pin B

Table 4.11: Cell Fall Delay — Related pin B (ns)

Input Slew 0.5 fF 10 fF 100 fF
10 ps 0.0864 N/A N/A
100 ps 0.1419 0.1608 0.3126
1000 ps 0.5779 0.5975 0.7523
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4.8.3 Static Power

Table 4.12: Static Power for AND2B (nW)

Condition (A1,A2,B1) Power (nW)
000 0.187
001 0.9036
010 0.1926
011 0.9045
100 0.1872
101 0.9045
110 0.6966
111 0.0225

4.8.4 Dynamic Power

Rise Power (nW) — Related pin A

Table 4.13: Rise Power — AND2B (Related pin A)

Input Slew Power (nW)
10 ps 234261.3
100 ps 234958.4
1000 ps 146505.7

Fall Power (nW) — Related pin A

Table 4.14: Fall Power — AND2B (Related pin A)

Input Slew Power (nW)
10 ps N/A
100 ps N/A
1000 ps N/A

Rise Power (nW) — Related pin B

Table 4.15: Rise Power — AND2B (Related pin B)

Input Slew Power (nW)
10 ps 309644.5
100 ps 308037.1
1000 ps 298065.9

Fall Power (nW) — Related pin B
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Table 4.16: Fall Power — AND2B (Related pin B)

Input Slew Power (nW)
10 ps 32339.34
100 ps 32344.91
1000 ps 40862.82

Rise Power (nW) — Related pin (Combined)

Table 4.17: Rise Power — AND2B (Combined Summary)

Input Slew Power (nW)
10 ps 327269.5
100 ps 327311.9
1000 ps 326301.7

Fall Power (nW) — Related pin (Combined)

Table 4.18: Fall Power — AND2B (Combined Summary)

Input Slew Power (nW)
10 ps 3052.398
100 ps 3052.555
1000 ps 3507.169
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Chapter 5

Team Contributions

Table 5.1: Contribution of Each Member

Member Contribution
Shreesh Nagral (25M1244) Writing the schematic for buf and and2b, layout of buf

and and2b

Aryan Chaudhary (25M1251) Writing the schematic file for dfxtp, layout of dfxtp,
generating .v file for and2b and dfxtp, preparing circuit
diagrams for the report

Abhineet Agarwal (22B1219) Generating .lib file for buf and and2b, generating .v

file for buf, writing the report
Manjima Karmakar (25D0522) Layout of dfxtp, generating .lib file for dfxtp
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